INTRODUCTION {#sec1-1}
============

The first successful laparoscopic sigmoidectomy for cancer was reported in 1991 by Jacob\'s *et al*.\[[@ref1]\] Although the potential benefits of laparoscopy in colorectal surgery have been noted in the early experience\[[@ref2][@ref3]\] the procedure was not accepted worldwide like laparoscopic cholecystectomy. This was due to concerns regarding port site recurrences in laparoscopic approach\[[@ref4]\] lack of data on long-term oncological outcome and also as the procedure is technically demanding. These concerns have been addressed by several prospective randomized clinical trials on laparoscopic colorectal surgery versus open surgery with the large sample size and longer follow-up.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] These trials have reported local recurrence and long-term survival results of the laparoscopic approach comparable with open colorectal resections.

Laparoscopic colorectal resection is technically complex as it involves laparoscopic mobilization of colon through various tissue planes, dissection and division of major vessels, and division of bowel and anastomosis. This requires specialized equipment, energy sources, laparoscopic staplers and it has been noted that this procedure has a definite learning curve.\[[@ref10][@ref11][@ref12]\] Our unit began practicing laparoscopic colorectal surgery from 2005 onward. We have published our early experience of laparoscopic surgery for left colonic resections in comparison with open resections and demonstrated the feasibility and better short-term outcomes.\[[@ref13]\] However, we feel that following the initial learning experience, as the experience of the unit improves over time, there is a trend towards inclusion of difficult and complex resections and inclusion of patients with more advanced stage of disease. This paper analyses the pattern of case selection and its outcome following laparoscopic colorectal resection after the initial learning experience of a unit.

MATERIALS AND METHODS {#sec1-2}
=====================

Our centre is a tertiary referral unit for colorectal surgery for the last 15 years. This unit started laparoscopic colorectal surgery in December 2005. The clinical parameters, operative parameters, and short- and long-term outcome details following laparoscopic colorectal surgery were collected from a prospective database. Between December 2005 and April 2011, there were 265 patients who had various laparoscopic colorectal resections. This group was equally subdivided into initial 132 patients (Group 1) and next 133 patients (Group 2) who underwent laparoscopic colorectal resections.

Selection of Patients and Inclusion Criteria {#sec2-1}
--------------------------------------------

All the procedures were performed by trained consultant surgeons assisted by residents. These surgeons had sufficient experience in open colorectal surgery and had undergone training in laparoscopic colorectal surgery. All patients, apart from routine evaluation, underwent colonoscopic biopsy and contrast-enhanced multi-slice CT scan to stage the lesion preoperatively. In patients with small/early lesions, preoperative colonoscopic tattooing with India ink dye was performed to facilitate localization of tumors during laparoscopy. Patients with previous colonic resection, comorbidity precluding GA, coagulopathy and metastatic disease were excluded. Patients with features of colonic obstruction and suspected perforation were relative criteria for exclusion and they were offered laparoscopic resection selectively, depending on the comorbid status and local staging. All other patients were offered the laparoscopic approach during the study period.

Surgical Procedure and Outcome Measures {#sec2-2}
---------------------------------------

The details of the preoperative preparation and the technique of the surgery have been reported earlier.\[[@ref13]\] Briefly, we follow medial to lateral dissection and ligation of vessels first. Following mobilization, the specimen is removed through a small incision with adequate protection of the wound and bowel continuity is restored by stapled anastomosis or hand-sewn anastomosis as per the clinical situation. The decision to make a diversion stoma was left to the discretion of the surgeon. For the purpose of this study, right colectomy is defined as resections involving caecum, ascending colon and transverse colon up to splenic flexure and left colectomy indicates resections from splenic flexure to the anal canal.

Demographic features of the patients, preoperative variables such as location of tumor, stage, etc. were noted in detail. The intraoperative parameters analyzed include operating time, blood loss, blood transfusion, conversion to open surgery and use of temporary colostomy. The number of lymph nodes retrieved, the distal margin, radial margin and pathological staging were also compared. Postoperative outcome measures considered were duration of stay in the intensive care unit (ICU), passage of flatus/stools and resumption of oral liquids. Postoperative complications in both groups and hospital stay were also compared. The statistical analysis was performed using χ^2^-test and Student\'s *t*-test using SPSS Statistics 17.0 version software.

RESULTS {#sec1-3}
=======

Patient Demography, Site of the Lesion and Types of Surgeries {#sec2-3}
-------------------------------------------------------------

There were 132 patients in Group 1 and 133 patients in Group 2 with a mean age of 57.7 years and 56.9 years, respectively (*P*=ns). The male-to-female ratio was also similar in both groups. The patient demographics and the details about the site of the lesion in both groups are given in [Table 1](#T1){ref-type="table"}. The number of patients with co-morbid illnesses was significantly more in Group 2 than in Group 1 (63.2% vs. 32.5%, respectively, *P*≤0.001). There was more number of patients with obstruction or localized perforation in Group 2 though this was not statistically significant. Similarly, the percentage of patients who had undergone previous abdominal surgery was 11.36% in Group 1 compared to 17.2% in Group 2 (*P*=ns). These surgeries were for open hysterectomies through 27 patients, midline laparotomy for various indications in 9 patients and 2 patients had paramedian incision for appendicectomy. The number of right colon lesions were significantly different (21.9% vs. 11.3% in Groups 1 and 2, respectively, *P*\<0.02), but the number of left colectomies were not significantly different \[[Table 1](#T1){ref-type="table"}\]. However, the number of low rectal lesions (20.4% vs. 33.8%, *P*≤0.02) and low anterior resections were significantly more in Group 2 (25.7 % vs. 45.8%, *P*\<0.001). The distribution of lesions in the rest of the colon was similar between both groups. The number of high anterior resections, sigmoid colectomies, left colectomies, abdomino-perineal resections and proctocolectomies were similar between the groups.

###### 

Patient demographics and site of lesion
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Short-Term Outcomes {#sec2-4}
-------------------

Mean operating time was significantly longer in Group 1 than in Group 2 (278 vs. 231 minutes, *P*\<0.005) and the mean blood loss was significantly more in the Group 1 than in Group 2 (164.4 vs. 99.3 mL, *P*\<0.001). The number of blood transfusion, the rate of conversion, the number of protective stomas created, etc. were similar in both groups \[[Table 2](#T2){ref-type="table"}\]. The reasons for conversion in Group 1 were inadequate distal resection margins in two cases, difficulty in mobilization in two cases and bleeding in another case. In Group 2, one patient was converted for bleeding and another two were converted for a bulky low rectal tumor wherein it was difficult to negotiate endoscopic stapler satisfactorily. In the comparison of immediate postoperative parameters, the ICU stay was significantly shorter in Group 2 (*P*\<0.005) and the removal of nasogastric tube was significantly earlier in Group 2 compared to Group 1 (*P*\<0.005). However, the time to pass first flatus after surgery, resumption of oral liquids and semisolid diet were similar between Groups 1 and 2 \[[Table 2](#T2){ref-type="table"}\]. The hospital stay was more in Group 1 than in Group 2 (9.3 vs. 8.6 days, *P*\<0.01). The incidence of complications and morbidity were also similar between the groups \[[Table 2](#T2){ref-type="table"}\]. Four patients with postoperative intestinal obstruction required re-exploration, three for port site herniation and one for adhesive obstruction. Morbidity for the purpose of this study included anastomotic leaks, re-explorations, and surgical site infections, pulmonary, cardiac or other complications prolonging hospital stay due to these complications. Two patients in Group 2 died, one because of cardiac failure and another due to sepsis following gangrene of descending colon on second postoperative day and there was no mortality in Group 1.

###### 

Intra, peri, and postoperative outcomes
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The number of lymph nodes retrieved (18.1 vs. 17.4) and the status of margin involvement were similar in both groups \[[Table 3](#T3){ref-type="table"}\]. When the histological features were compared, the incidence of Tl-3 lesions were similar in Groups 1 and 2; however, the number of T4 lesions were significantly more in Group 1 than in Group 2 (8.3% vs.18.7%, respectively, *P*\<0.01). The status of margin involvement in histology was similar; with three patients in Group 1 and two patients in Group 2 having microscopic distal margin involvement. Radial margin involvement was seen in two patients in Group 1 and four patients in Group 2 (*P*=ns). When the lesions were stratified according to the TNM stage, the number of patients with Stages I, II and III were similar in both groups and the patients. There were two patients in Group1 and nine patients in Group 2 with synchronous liver metastases (*P*=ns). One patient in Group 1 and five patients in Group 2 underwent simultaneous laparoscopic non-anatomical resection of liver metastasis as well.

###### 

Histopathology features and staging
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DISCUSSION {#sec1-4}
==========

Laparoscopic colorectal resection has gained popularity in India; but even then it is being practiced exclusively in selected centres in selected patients. Selection of patients for laparoscopic surgery is generally practiced worldwide according the institutional policies. Most of the randomized trials have excluded transverse colon tumours as they are rare and technically difficult.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] The procedure is technically demanding and is associated with a definite learning curve.\[[@ref10][@ref11][@ref12]\] A German multicentre study to assess the quality of oncologic resections has demonstrated a marked variability in the number of lymph nodes harvested among surgeons and has also shown increase in number of nodes over time, indicating improvement in the oncologic resection with increasing case volume.\[[@ref14]\] Most randomized trials quote that the experience of a minimum of 20 cases is required by the participating surgeons to overcome this learning curve.\[[@ref6][@ref9]\] MRC CLASSIC trial has shown improvement in conversion rates from 34% in first year to 16% in 6th year with increasing experience\[[@ref9]\] It is generally believed that with improving experience there is improvement in conversion rate and short-term outcome of patients. Selection criteria for laparoscopic colorectal resections vary widely with some series exclude those patients with obesity, multiple abdominal surgeries, multiple primary tumors, locally advanced or metastatic disease and those with features of intestinal obstruction.\[[@ref8][@ref10]\] This is mainly because of the technical difficulties in mobilization of colon, difficulties in dissection and control of vascular pedicle in these patients. Consequently, there is more chance for conversion to open surgery and chance for poor outcome.\[[@ref10][@ref11][@ref15][@ref16]\] Tekkis *et al*.[@ref11] has demonstrated that the conversion rates vary with experience, with conversion rates varying from 20.7% conversion rate in initial 25 cases to 10.7% after 100 cases and 5.5% after 175 cases. Similarly, as the surgeon or the unit gain proficiency in laparoscopic colorectal surgery, it has been observed that more difficult resections were taken up without compromising results\[[@ref9][@ref11]\] Hence, with increasing experience there is a trend towards including more difficult patients who are normally not taken up for laparoscopic colorectal surgeries. A similar trend is noticed in the current study as the study population includes few patients with obstruction, perforation and those with previous abdominal surgeries. A significantly more number of low anterior resections were also performed in the latter half of study (25.7% vs. 45.8%). Despite this, our conversion rate is low with a trend towards improvement with 3.7% in Group 1 and 2.25% in Group 2 patients. The complications and morbidity rates were also not different between the groups. This has been observed in other studies as well, that with better experience surgeons tend to be more liberal in case selection without major changes in the outcome.\[[@ref16][@ref17]\]

Another trend noticed in this study is a significant increase in number patients with systemic illness, more low anterior resections and though not statistically significant, more difficult procedures like extended resections and proctocolectomies. Similarly, there was significant difference in the number of bulky or locally advanced cases with 8.3% and 18.3% cases in Groups 1 and 2, respectively. These facts indicate that as the unit\'s experience improves there is a trend towards accepting more advanced diseases and technically complex operations with good results. Similar observations have been reported in the literature.\[[@ref11][@ref16]\] Marusch *et al*.\[[@ref16]\] in a multicentre study of 1658 patients have demonstrated that surgeons with more than 100 laparoscopic colorectal resections are likely to embark upon more technically demanding operations with a conversion rate of 4.3% compared to 6.9% in those with less than 100 cases experience without any increase in complications and mortality. Similarly Shah *et al*.\[[@ref12][@ref17]\] has observed that with increasing experience, in a progressive time phase there is an increasing work load score and case mix without increase in complications or conversion. The same observations are made in the current study as well. This indicates that after the initial learning curve of 20-30 patients, with better experience and volume difficult laparoscopic colectomy can be safely performed with a minimal rate of conversion.

In the current study, when the data of all consecutive patients was analyzed in two time frame groups a significant improvement in the operating time, blood loss, shorter ICU stay, early removal of nasogastric tube and less hospital stay was noted in the later part of the time frame. However, there was no significant difference between bowel movement and resumption of oral diet. Similarly, the conversion rate, complications and lymph node harvested were not different in the two groups. We feel that after the initial learning curve, as the unit\'s experience cross 90-100 cases there is a trend towards improvement in case selection, conversion rates and in performing more difficult operations with comparable postoperative results and short-term outcome.

CONCLUSION {#sec1-5}
==========

This study shows that with increasing experience laparoscopic colorectal surgery can be practiced safely with minimal conversion rates and morbidity. As the unit\'s experience improves, there is a trend towards selecting difficult cases and performing complex laparoscopic colorectal resections. Although there was less blood loss, less ICU stay, early removal of nasogastric tube and short hospital stay with improving experience, the overall short-term outcomes are comparable even when advanced and complex procedures are taken up by an experienced team. Hence, following the initial learning curve, more complex laparoscopic colorectal procedures can be safely taken up without compromising short-term outcome.
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